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Introduction
The discussion of whether Gross Domestic Product (GDP) per capita is an adequate measure of human well-being is an evergreen topic. Its roots can be traced back at least to the nineteenth century, when social scientists were already discussing how comprehensive statistical analyses (to the extent that they were available at the time) could be used to measure social progress and inform policy-makers (for a survey of this early literature, see e.g., aus dem Moore and Schmidt, 2013) . Even the creators of the GDP concept aimed to develop an overall measure of social well-being and long-term social progress beyond providing a concise measure of short-term economic uctuations and business cycles (see Kuznets, 1934) . Indeed, the debate over how social wellbeing and progress should be measured also went through its own cycles.
Phases in which well-being indices were intensively discussed, for example at the end of the 1960s and the early 1970s (see aus dem Moore and Schmidt (2013) and Coyle (2014) for an overview of the discussion), were followed by periods in which policy-makers and the public showed little interest in looking beyond GDP.
The development of comprehensive measures of social progress in recent years, including much broader information on various aspects of social and individual well-being beyond the purely economic dimension, has received increased attention both in academic research and in the political sphere (Fleurbaey, 2009) . In 2008, the so-called Stiglitz-Sen-Fitoussi-Commission thoroughly described the limits of GDP as a measure of social progress and proposed how currently available information should be used to develop alternative and more adequate measures (Stiglitz et al., 2009 ). The German Bundestag established a related commission of inquiry that also worked on the topic for two-and-a-half years and eventually proposed an indicator set to better monitor aspects of growth, prosperity and quality of life (as the commission was named, Deutscher Bundestag, 2013) . For the UK, the National Statistical Oce publishes a so-called Well-Being Wheel to illustrate changes in numerous quality of life indicators (Evans et al., 2015) . This 1 This is still an empirically unresolved question. Kassenböhmer and Schmidt (2011) argue that most variation in social indicators proposed by the Stiglitz-Sen-Fitoussi-Commission coincides with that of GDP and the unemployment rate such that there is only little additional information in these indicators. The opposite view is taken, for example, by Jones and Klenow (forthcoming) , who argue that while a welfare measure beyond GDP is highly correlated with GDP per capita, deviations between both gures are often sizeable.
In this study, we conduct an exploratory analysis of whether, and if so how, the evaluation of regional inequalities in Europe diers depending on which well-being indices are examined. We use data from the OECD Regional Well-Being Index (OECD, 2014b) for the year 2013. This index contains data on nine separate dimensions of well-being. The data are regionally disaggregated at the OECD's TL2-level, which corresponds to the EU's NUTS-1 level in some countries, and to the NUTS-2 level in others.
2 Aside from examining the nine dimensions separately, we construct alternative composite indices of well-being by applying dierent aggregation techniques.
We study the following problems:
1. How can the well-being dimensions proposed by the OECD be aggregated to a composite index?
2. To what extent does the disparity between European regions change if an alternative composite well-being index is used? 3. Does the welfare ranking of regions in general and the selection of regions that may receive support from EU Structural Funds change if a composite well-being index is used as a benchmark instead of GDP per capita?
The paper is organized as follows: In Section 2, we survey some relevant aspects of the related literature concerning the measurement of welfare, particularly at the regional level. In Section 3, we describe the data. In Section 4, we present the dierent aggregation methods used to obtain composite well-being indices. Section 5 discusses empirical results regarding regional disparities and ranking across regions as well as some implications for economic policy. The nal section provides some conclusions.
1 Only if alternative indicators have the potential to change policy-making, they will attract persistent attention from policy-makers and the general public (see Jochimsen and Raer, 2014; Huschka and Wagner, 2010) .
2 Estonia and Luxembourg do not dene regions at the NUTS-1 and -2 levels such that these two countries are represented at the NUTS-0 level.
Related Literature
In this section, we briey discuss some of the issues brought forward against using GDP as a measure of welfare, present classications of alternative welfare measures and give a short overview of the literature on regional wellbeing.
Critique of GDP
Objections against an exclusive assessment of welfare by GDP are numerous (see e.g. Costanza et al., 2009; van den Bergh, 2007 van den Bergh, , 2009 Stiglitz et al., 2009 ). First, GDP has conceptual limits: It only accounts for potential welfare-changing activities that take place on markets (e.g., housework activities, voluntary work or activities in the shadow economy). As a gross indicator it also does not consider any depreciation. Second, GDP as a ow gure generally does not measure any changes in stock variables, such as wealth. This also implies that resource consumption and environmental damage are not included in the index (Wahl et al., 2010) . In contrast, so-called defensive costs (Nordhaus and Tobin, 1972) , for example, repair costs of environmental damages, raise GDP accordingly. Third, a criticism can also be levelled that income distribution is ignored (Wahl et al., 2010) .
Fourth, GDP also insuciently records quality changes of products with a high degree of innovation (Landefeld and Grimm, 2000) . Aside from conceptual limitations, measurement problems also matter, since GDP is, at least partly, based on results of surveys all with related problems (Coyle, 2014) .
Classication of Alternative Welfare Measures
Due to objections against GDP as a welfare indicator, a number of alternatives and complements have been proposed. These proposals can be grouped into indicator dashboards and single number indicators (van Suntum and Lerbs, 2011, see Figure 1 ). An indicator dashboard (or indicator set) is a bundle of indicators that represent certain welfare dimensions (e.g., health or education) (Wesselink et al., 2007) Happiness Report (Helliwell et al., 2015) . Third, those measures that combine both social and subjective well-being indicators (Diener and Suh, 1997) .
The Happy Planet Index (Abdallah et al., 2012) represents this kind of composite index, which relates subjective well-being and health to the resource use of each nation.
Literature on Regional Well-Being
There are studies that measure well-being at the regional level. A study by Stewart (2005) examines whether traditional economic indicators, such as GDP and the unemployment rate, also reect regional well-being in a broader sense. Correlations between alternative well-being indicators, representing ve dierent social spheres (material well-being, productive activity, education, health, and social interaction), and GDP conrm that the latter is a good proxy for measuring well-being. In a further step, both measures are regressed on the alternative well-being indicators. Again, GDP performs 4 better (explaining three out of four dimensions) in a model without country dummies. The author concludes that EU regional policy is right to use GDP as a proxy for regional well-being to allocate structural funds.
Another study by Okulicz-Kozaryn (2012) tries to support the so-called livability theory on the regional level, which proposes that living conditions have a signicant eect on life satisfaction. The author estimates the inuence of living conditions measured by GDP per capita on life satisfaction. He nds that regional income does matter for life satisfaction, even when controlling for personal and national income. Furthermore, the life satisfaction gap between the rich and poor is smaller in rich than in poor regions. Lawless and Lucas (2011) try to predict well-being at the county level in the United States. They nd that life satisfaction correlates positively with objective indicators at community level (including poverty rates, rates of marriage or average education). The authors emphasize that well-being analyses at the regional level give interesting new insights, for example on how people choose certain regions to live or work in.
On the whole, the literature shows that it is possible to obtain a more detailed, regionally dierentiated picture of well-being by examining the regional variation of indicators typically used at the national level as well as using measures that are only suited for regional analyses. However, there is generally less data available at the regional level than at the national level.
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Data and Methods
The following analysis concentrates on European regions that are covered by the OECD Regional Well-Being Index (OECD, 2014b) . For the geographical base of the index, the OECD uses their own regional classication, the so- Table 1 provides details on each of the dimensions and the indicators they are built on. The underlying data is available at the OECD Regional Statistics Database (2015b).
Subjective Well-Being
The OECD Regional Well-Being Index contains only objective aspects of well-being. In some of our aggregation schemes, we evaluate how these objective variables relate to subjectively perceived well-being. Our data source for subjective well-being is the European Social Survey (ESS, 2015) . Carried out every second year since 2002 and covering all individuals older than 15 years, this survey of private households in 36 countries asks how people think, feel and behave. The achieved sample size is about 1,500 respondents per country (or 800 if the country has less than two million inhabitants according to the ESS sample specication). Subjective well-being is measured by asking people: How satised are you with your life as a whole? Respondents can answer on a scale from 0 (extremely dissatised) to 10 (extremely sat- 3.3 GDP per capita GDP per capita is often used to rank the well-being of nations. To evaluate the extent to which using alternative indicators aects these rankings, we will compare the results obtained from composite indices with those corresponding to GDP per capita. We use GDP at current market prices from the Eurostat Regional Statistics Database (2015) . The GDP data is available for the NUTS-0, NUTS-1 and NUTS-2 level.
Normalization
The OECD normalizes the data of each dimension to ease comparison. This is done in two steps. First, variables are censored at a lower (4 th percentile) and upper (96 th percentile) limit to achieve a more even distribution and to avoid undue inuence of strong outliers.
4 Second, a min-max formula (Equation 1) is applied to transform all variables on a 0-10 scale (OECD, 2014c) 5 :
with N dierent regions, IN = (IN 1 , ..., IN N ). Indicators for which a low value is assumed to correspond to higher welfare, i.e., unemployment rate, homicide rate, air pollution and the mortality rate, are inversely coded.
The dimensions Jobs and Health are based on two indicators. In these cases, the arithmetic means of the two normalized indicators are calculated.
Determining Composite Well-Being Indices
The OECD proposes to use its indicator as a dashboard. Nevertheless, economic policy often needs directly comparable information that demands a high level of information aggregation. In other words, for the purposes of economic policy-making, it might be important to have a single number representing the alternative welfare measure. For example, to compare well-being 4 For the homicide rate, the OECD uses the 10 th and 90 th percentiles.
5 Since we restrict our analysis to regions of European OECD member states, we have conducted the normalization process for welfare dimensions only for this subset of OECD regions.
8 across time and countries, the OECD has also occasionally used composite indices (OECD, 2014a).
The main problem when constructing aggregate welfare indices is the determination of how to weight the dierent welfare dimensions. In the following, we describe a selection of methods to construct composite indices discussed in the social indicators literature and apply them to the welfare dimensions suggested by the OECD.
Aggregation
We apply ve dierent weighting methods:
Method 1: Assign equal weights to all welfare dimensions. Method 2: Determine weights using factor analysis, following Nardo et al. (2008) .
Method 3: Determine weights using factor analysis, following Berlage and Terweduwe (1988) .
Method 4: Obtain weights from a regression of life satisfaction on the dierent OECD welfare dimensions.
Method 5: Obtain weights from a regression of life satisfaction on the factors obtained from factor analysis.
Method 1: Equal Weights
In the rst method, we calculate a composite index (I ) with equal weights for each dimension:
where x ij is the j-th (of nine) well-being dimensions of region i.
Method 2: Factor Analysis I (Nardo et al., 2008) In its Handbook on Constructing Composite Indicators, the OECD proposes, inter alia, to use factor analysis or principal component analysis (PCA) to determine the necessary weights (Nardo et al., 2008) . This method is regularly applied in the generation of composite indices because it allows simplifying the data structure without sacricing too much information. The We follow this rule in our study and extract three factors that cumulatively explain 78 per cent of the variance in the data (Table 2) . Table 3 . Nardo et al. (2008) propose to determine the intermediate components by
assigning each original dimension to the retained factor on which it has the highest squared loading. In our case, component 1 comprises civic engagement, income, safety and health, while education, jobs and accessibility to services enter component 2, and environment and housing make up compo- 6 The overall composite index is then calculated as the weighted average 6 Where the weights are given by the squared factor loadings of all dimensions assigned to this factor, rescaled to unity sum (see also Nicoletti et al., 2000) . Table 3 ). Formally, the composite index for region i is thus calculated as
with
where M is the number of retained components, and where the loading of indicator j in component m is set to zero when it has not been assigned to this component. The calculated weights are presented in Table 4 , Column 2.
The method proposed by Nardo et al. (2008) provides a technically consistent, data-driven approach to construct a composite welfare index. It makes use of factor analysis to simplify the data structure based on the correlation of individual indicators. It determines the weights assigned to each indicator on the basis of proportions of explained variances. An important caveat to this method is that there is no reason to suppose that a statistical property, such as the correlation between indicators, captures meaningful trade-os between these indicators with respect to well-being. This is also conceded by Nardo et al. (2008, p. 89) when they write that weighting intervenes only to correct for overlapping information between two or more correlated indi- cators and is not a measure of the theoretical importance of the associated indicator.
Method 3: Factor Analysis II (Berlage and Terweduwe, 1988) A related, but slightly dierent way of using factor analysis in the construction of composite indices has been proposed by Berlage and Terweduwe (1988) . The main dierences to the method of Nardo et al. (2008) Eectively, Berlage and Terweduwe (1988) use the values of the factors, as determined in the factor analysis, as intermediate components. Like Nardo et al. (2008) , Berlage and Terweduwe (1988) propose to weight the intermediate components with the proportion of the total variance explained by each factor. The eective weight of each welfare dimension in the nal composite index, presented in Column 3 of Table 4 , is thus given by
, with the exception that all variables loading on each factor are considered and the factor loadings are not squared. The latter implies that negative factor loadings can also enter the weighting process (see Table 5 ).
However, the derivation of weights from proportions of explained variance still has no obvious connection to an underlying theoretical concept of wellbeing. The fourth method to aggregate welfare dimensions to an overall index builds on the possibility to directly use subjective well-being data to infer how people value the dierent welfare dimensions. In this hedonic approach (Decancq and Lugo, 2013) , the weights of dierent dimensions are obtained from a regression of some measure of subjective well-being (in our case selfreported life satisfaction) on these dimensions.
We estimate a linear cross-sectional regression model. The regression is estimated without an intercept and constraining the sum of coecients to 1:
In Equation 6, the dependent variable LS i represents the life satisfaction in region i, the predictor variables x ij are the values of the nine welfare dimensions j of the OECD Index in region i and is the error term. The regression results are given in Table 6 . In the rst column of Panel A, we 13 present unrestricted estimations, in the second column the restricted ones.
The regression coecients directly give the weights to calculate the composite index I for each region i as follows (reported in Table 4 , Column 4): 
Method 5: Life Satisfaction Regression on Intermediate Components
One of the problems in obtaining weights from a life satisfaction regression on all indicators is that the coecients are estimated with a high degree of imprecision when the indicators are highly correlated (Decancq and Lugo, 2013 
where the dependent variable LS i represents life satisfaction in region i, Table 6 shows the regression results obtained by this method. The composite index I for region i is given by:
The eective weights ω j are given by the weighted average of factor loadings of welfare dimension j in the three dierent factors, where the weights are the β's from Equation 9. The weights are reported in Table 4 , Column 5.
Comparing the weights obtained by Method 4 and 5 shows that, in Method 4, the income coecient appears to be negative, large and statistically signicant. This nding, however, might be a statistical artefact, since some welfare dimensions are at least strongly correlated with each other such that these estimations suer from a strong multicollinearity problem. In fact, reducing this problem is a strong motive to apply factor analysis, which reduces the number of independent variables on the right-hand side of the equation, as is done in Method 5. The eective weight attached to income in Method 5 is then positive.
5
Regional Well-Being Disparities and
Implications for EU Regional Policy
In this section, we compare the well-being in European regions based on composite indices examine the corresponding dierences in regional disparities.
Ahead from that, we analyse to what extent funding decisions in EU regional policy, which is supposed to support deprived regions, might be aected by the choice of composite well-being indices.
Well-Being Disparities Across Regions
In Table 7 , some descriptive statistics on the welfare dimensions of the OECD Regional Well-Being Index and of the composite indices calculated using This also becomes apparent when looking at the correlation of welfare dimensions across regions (Table 8) . While there are mostly high correlations between welfare dimensions, there are also cases in which the correlation coecient is only small. This is reassuring because if all dimensions were to have a high positive correlation, a composite well-being index could hardly provide any additional information. The imperfect correlation also explains why inequality among regions on the basis of composite indices must appear lower than on the basis of GDP per capita. 8 Of course, it would be straightforward to also apply the 75 per cent threshold to the alternative indices. As we have shown in Table 7 , however, the alternative indices are generally more equally distributed. Consequently, the number of regions falling below a 75 per cent of the average-threshold is substantially lower than for GDP per capita. This 8 By applying this threshold, we implicitly assume that the need for funding determines the budget allocation in Europe. This perspective contrasts with the power view, which states that the voting power of the member countries drives the budget decision (Bouvet and Dall'Erba, 2010; Groot and Zonneveld, 2013 Table 1. could be seen as directly implying that the EU needs to spend much less on its regional policy. The more policy-relevant research question, however, seems to be how a budget-neutral policy change would aect the allocation of regional funds. We approximate budget neutrality by determining threshold values for the dierent composite indices such that the population share living in needy regions is the same for the alternative measure as it is for GDP per capita.
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9 In our sample of countries that are both EU and OECD members, about 24 per cent of the overall population lives in regions with a GDP per capita below 75 per cent of the average. The cut-o values for each composite well-being index are shown in Table 9 . Regions below these cut-o values are treated as needy. Columns 2 to 5 of Table 9 illustrate the implications for EU regions if funding policy was to be based on the composite indices. The table shows how many regions would switch from receiving to not receiving EU funds, and vice versa, if a composite well-being index was used instead of GDP per capita. The results in Table 9 (see also Figure 4 ) elicit two groups of aggregation methods with similar eects on the allocation of EU regional funds.
The rst group consists of Method 1 (the simple average of the welfare dimensions) as well as both aggregation method versions using factor analysis (Method 2 and 3). The number of funded regions does not dier much from the number of regions funded according to GDP per capita, and the composition of drop-outs and newcomers between these three indices does not dier heavily (for a detailed list of the regions, see Appendix Table 2 ). For example, of the 58 regions that are eligible for nancial support under the GDP per capita criterion (see Appendix We use ve dierent approaches to aggregate the nine welfare dimensions of the OECD Regional Well-Being Index (OECD, 2014b) to a composite index of regional welfare. We nd that regional inequality lessens considerably compared to GDP per capita if the analysis is based on composite alternative welfare measures. This suggests that the living conditions in Europe are more equal than income or productivity dierences seem to suggest.
We address some implications for regional policy. In particular, we discuss whether switching to multidimensional well-being indices would alter the allocation of EU regional funds. Our results show that this depends heavily on the chosen aggregation method. While some methods tend to produce relatively equal weights for all welfare dimensions and result in regional rankings that are very much in line with those generated by GDP per capita, other methods produce weighting schemes that emphasize only a few dimensions and might cause substantial changes in regional neediness. Since there is no a priori reason to favour one method over the other, our results suggest that it is unlikely that multidimensional well-being indices will be able to provide unambiguous, consistent and reliable rankings of regions.
The discussion of the aggregation techniques and the results we receive using OECD data raise doubts about the usefulness of such composite wellbeing indices. On the one hand, we nd that the correlation of many alternative composite measures with GDP per capita is quite high. This suggests that the broad picture regarding the welfare distribution across European regions is rather similar to the impression obtained by the traditional measure of GDP per capita. However, some of the aggregation methods proposed in the literature seem to be purely data-driven and lack a sucient connection to theoretical concepts of well-being. Other methods might be better related to an underlying concept of well-being, but their empirical implications are, in some cases, hard to reconcile with economic intuition. A telling example is the strong negative eect of income found in Method 4, which implies that, for example, Luxembourg should become eligible for EU regional aid. Due to these ambiguities and inconsistencies, it seems recommendable to use the OECD Regional Well-Being Index as a well-being dashboard, and to abstain from further aggregation. Examining welfare dimensions individually has the potential to give much richer insights than comparing rather arbitrary composite well-being measures.
In our view, further research should concentrate on discussing the ex-plicit and implicit assumptions underlying alternative welfare measures and critically discuss their theoretical foundations. This will be helpful in constructing better and more plausible alternatives and complements to GDP as a measure of welfare.
